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CN 




Experimental 

Crystal data 

C 20 H 21 N 2 O 5 PS 
M, = 432.42 
Triclinic, PI 
a = 9.198 (5) A 
b = 11.229 (5) A 
c = 11.992 (5) A 
a = 65.569 (5)° 
/3 = 72.950 (5)° 

Data collection 

Bruker SMART APEXII 

area-detector diffractometer 
19331 measured reflections 



|| .OCH 2 CH 3 
OCH 2 CH 3 



y = 72.204 (5)° 
V = 1053.7 (9) A 3 
Z = 2 

Mo Ka radiation 
IX = 0.26 mm -1 
T = 293 K 

0.23 x 0.20 x 0.20 mm 



5172 independent reflections 
4201 reflections with / > 2a(l) 
R ta , = 0.025 



In the title compound, C20H21N2O5PS, the indole ring is 
essentially planar, with a maximum deviation of 
-0.0083 (18) A. The methyl C atom of the methylphospho- 
nate group and the S atom lie 0.104 (2) and -0.2158 (6) A, 
respectively, from the indole mean plane. The sulfonyl-bound 
phenyl ring is almost perpendicular to the indole ring system, 
with a dihedral angle of 82.30 (8)°. The ethyl side chains are 
disordered over two sets of sites, with occupancy factors of 
0.737 (5)/0.263 (5) and 0.529 (11)/0.471 (11). In the crystal, 
molecules are linked into centrosymmetric dimers via C— 
H- ■ O hydrogen bonds, resulting in an i?l(18) graph-set motif. 
The crystal structure is further stabilized by C— H- ■ <ji 
interactions. 

Related literature 

For applications of indole derivatives, see: Stevenson et al. 
(2000); Ho et al. (1986); Rajeswaran et al. (1999). For 
comparison of molecular dimensions, see: Bassindale (1984); 
Sethu Sankar et al. (2002); Allen (1981). For graph-set motif 
notations, see: Bernstein et al. (1995). 



Refinement 

R[F 2 > 2a(F 2 )] = 0.042 

wR(F 2 ) = 0.126 

S = 1.02 

5172 reflections 

284 parameters 



10 restraints 

H-atom parameters constrained 
Ap max = 0.28 e A~ 3 
A/> mi „ = -0.33 e A~ 3 



Table 1 

Hydrogen-bond geometry (A, °). 

Cgl is the centroid of the C9/C10/C11/C12/C13/C14 ring and Cgl is the 
centroid of the C1/C2/C3/C4/C5/C6 ring. 



D-H-A 


D-H 


H- ■ A 


D-A 


D-H-A 


C10— H10' • OS" 


0.93 


2.35 


3.229 (3) 


157 


C5-H5- ■ Cgl" 


0.93 


2.63 


3.501 (3) 


157 


C18-H18A- ■ -CgT' 


0.96 


2.99 


3.874 (8) 


154 



Symmetry codes: (i) — x+1,— y+1, 
-x + l.-y, -z + 1. 



(ii) 



-z + 2; (iii) 



Data collection: APEX2 (Bruker, 2004); cell refinement: SAINT 
(Bruker, 2004); data reduction: SAINT, program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
ORTEP-3 (Farrugia, 1997); software used to prepare material for 
publication: SHEEXL97 and PLATON (Spek, 2009). 



SK and KS thank the Technology Business Incubator (TBI), 
CAS in Crystallography and Biophysics, University of Madras, 
Maraimalai Campus, Chennai, and the Department of Science 
and Technology (DST) for data collection. 



Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: PV2393). 
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Diethyl [(3-cyano-l-phenylsulfonyl-l//-indol-2-yl)methyl]phosphonate 

S. Karthikeyan, K. Sethusankar, G. G. Rajeshwaran, A. K. Mohanakrishnan and D. Velmurugan 
Comment 

The indole ring system is present in many natural products. Indole derivaties are used as bioactive drugs (Stevenson, et al, 
2000) and they exhibit anti-allergic, central nervous system depressant and muscle relaxant properties (Ho, et al, 1986). 
Indoles also have been proved to display high aldose reductase inhibitory activity (Rajeswaran, et al., 1999). 

In the title compound (Fig. 1), ethyl moieties of diethyl phosphonate are disordered over two sites with occupancy factors 
0.737 (5), 0.263 (5) and 0.529 (11), 0.471 (11). The indole ring is essentially planar with a maximum deviation -0.0083 (18) 
A for the atom C6. The deviation of atoms C15 and SI from the indole mean plane is 0.1041 (22) and -0.2158 (6) A, 
respectively. The sulfonyl bound phenyl ring is almost perpendicular to the indole ring system, with a dihedral angle of 
82.30 (8)°. The atom PI has a distorted tetrahedral configuration. The widening of angle 03 — PI — 05 [115.78 (10)°] and 
narrowing of angle 04 — PI — C15 [104.97 (9)°] from the ideal tetrahedral value are attributed to the Thrope-Ingold effect 
(Bassindale, 1984). 

In the benzene ring of the indole ring system, the endocyclic angles at C2 and C5 are contracted to 117.49 (17) and 
118.56 (17)° respectively, while those at CI, C3 and C4 are expanded to 121.35 (15)°, 121.69 (18) and 120.69 (17)°, re- 
spectively. This would appear to be a real effect caused by the fusion of the smaller pyrrole ring to the six-membered benzene 
ring and the strain is taken up by the angular distortion rather than by bond-length distortions (Allen, 1981; Sethu Sankar 
e? a/., 2002). 

In the crystal, molecules are linked into centrosymmetric dimers via C-H - 0 hydrogen bonds resulting in a R 2(18) 
graphset motif (Bernstein et al, 1995). The crystal structure is further stabilized by C- H— n interactions, where Cg(l) is the 
centroid of C9/C10/C11/C12/13/C14 ring and Cg(2) is the centroid of C1/C2/C3/C4/C5/C6 ring. 

Experimental 

To a solution of 2-(bromomethyl)-l-phenylsulfonyl-indole-3-carbonitrile (1 mmol) and triethylphosphite (1.2 mmol) in dry 
dichloromethane (10 ml) at room temperature, ZnBr2 (0.2 mmol) was added and allowed to stir for 2 h under N2. After 
consumption of the bromo compound (monitored by TLC) volatile components were removed under vacuo. The residual 
mass was poured over crushed ice (200 g) containing cone. HC1 (5 ml). The precipitated solid was fdtered, washed with 
water and dried to give crude phosphonate ester. The crude product was purified by flash column chromatography to provide 
the title compound which was recrystalized from a mixture of 50% ethylacetate in pure hexane. 

Refinement 

All the hydrogen atoms weree fixed geometrically and allowed to ride on their parent atoms with C — H distance in the range 
0.93A to 0.97A and with C/ iso (H) = 1.5t/ eq (C) for CH 3 groups and U iso (H) = 1.2C/ eq (C) for all the other H-atoms. 
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Fig. 1. The molecular structure of the title compound showing 30% probability displacement 
ellipsoids. Ethyl groups attached on 04 are disordered. 



Fig. 2. A unit cell packing of the crystal structure of the title compound, showing H-bonds. 



Diethyl [(3-cyano-1 -phenylsulfonyl-1 H-indol-2-yl)methyl]phosphonate 



Crystal data 




C20H21N2O5PS 


Z = 2 


M r = 432.42 


F(000) = 452 


Triclinic, PI 


D x = 1.363 MgnT 3 


Hall symbol: -P 1 


Mo Ka radiation, X = 0.71073 A 


a = 9.198 (5) A 


Cell parameters from 5172 reflections 


6 = 11.229 (5) A 


9= 1.0-28.2° 


c= 11.992 (5) A 


li = 0.26 mm 1 


a = 65.569 (5)° 


7=293 K 


13 = 72.950 (5)° 


Block, colourless 


y = 72.204 (5)° 


0.23 x 0.20 x 0.20 mm 


V= 1053.7(9) A 3 





Data collection 



Bruker SMART APEXII area-detector 
diffractometer 

Radiation source: fine- focus sealed tube 

graphite 

co scans 

19331 measured reflections 
5 1 72 independent reflections 



420 1 reflections with / > 2o(I) 
R int = 0.025 

©max = 28.2°, 6 m j n = 1 .9° 

£ = -12^12 
£ = -14^14 
/ = 15^15 



Refinement 

2 

Refinement on F 
Least-squares matrix: full 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
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R[F 2 > 20(7^)] = 0.042 

wR(F 2 ) = 0.126 

S= 1.02 

5172 reflections 
284 parameters 
10 restraints 



Hydrogen site location: inferred from neighbouring 
sites 

H-atom parameters constrained 

w = l/[o 2 (F 0 2 ) + (0.0647P) 2 + 0.2952P] 

where P = (F 0 2 + 2F 2 )/3 

(A/o) max < 0.001 

Ap max = 0.28 e A~ 3 

Apmin = -0.33 e A -3 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full covariance mat- 
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations 
between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 

Refinement. Refinement ofF 2 against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F 2 , convention- 

2 2 2 

al i?-factors R are based on F, with F set to zero for negative F . The threshold expression of F > o(F ) is used only for calculating R- 

factors(gt) etc. and is not relevant to the choice of reflections for refinement. R- factors based on F are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters 





X 


y 


z 


II- *IJJ 


CI 


0.29990 (18) 


0.07457 (15) 


0.89632 (14) 


0.0423 (3) 


C2 


0.1831 (2) 


0.03001 (18) 


0.99695 (17) 


0.0517(4) 


H2 


0.0877 


0.0869 


1.0109 


0.062* 


C3 


0.2138(2) 


-0.10164(19) 


1.07533 (18) 


0.0581 (4) 


H3 


0.1379 


-0.1337 


1.1438 


0.070* 


C4 


0.3557 (2) 


-0.18786 (19) 


1.05461 (19) 


0.0600 (5) 


H4 


0.3727 


-0.2763 


1.1089 


0.072* 


C5 


0.4706 (2) 


-0.14371 (18) 


0.95485 (18) 


0.0556 (4) 


H5 


0.5651 


-0.2015 


0.9406 


0.067* 


C6 


0.44273 (18) 


-0.01035 (16) 


0.87526 (15) 


0.0446 (3) 


C7 


0.53430 (19) 


0.06663 (18) 


0.76474 (16) 


0.0483 (4) 


C8 


0.45078 (19) 


0.19408 (17) 


0.72042 (15) 


0.0460 (3) 


C9 


0.19475 (17) 


0.38218 (15) 


0.91760 (14) 


0.0411 (3) 


C10 


0.29566 (19) 


0.46655 (16) 


0.88290 (16) 


0.0475 (4) 


H10 


0.3488 


0.4974 


0.8010 


0.057* 


Cll 


0.3155 (2) 


0.50389 (19) 


0.97293 (19) 


0.0570 (4) 


Hll 


0.3817 


0.5614 


0.9512 


0.068* 


C12 


0.2382 (2) 


0.4566 (2) 


1.09435 (19) 


0.0602 (5) 


H12 


0.2535 


0.4816 


1.1543 


0.072* 


C13 


0.1383 (2) 


0.3728 (2) 


1.12775 (17) 


0.0588 (4) 


H13 


0.0868 


0.3410 


1.2101 


0.071* 


C14 


0.11430 (19) 


0.33556 (17) 


1.03911 (16) 


0.0497 (4) 


H14 


0.0454 


0.2803 


1.0607 


0.060* 


C15 


0.4982 (2) 


0.30307 (19) 


0.60283 (17) 


0.0569 (4) 
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pi a p 1 n pin 

U4 — c i y — czu 


1 1 n n /1 c\ 
11U.U (1 J) 


r\A pin umA 

U4 — c i y — h i y A 


1 nn *7 

iuy. / 


p i a pin mnA 

czu — c i y — h i y a 


1 nn *7 

iuy. / 


r\A pin ii i nn 

<j4 — c i y — h i y£> 


1 nn *7 

iuy. / 


Pin pm it i An 

czu — c i y — h i y b 


1 nn *7 

iuy. / 


mnA pin T_rinrj> 

h i yA — c i y — h i yh> 


1 no i 
lUo.Z 


pi a p 1 n> nni 

U4 — c i y — czu 


1 nz T /1 "5\ 

lUo./ (13) 


c\a pm' 1 1 1 i\( ' 

U4 — c i y — h i yc 


1 1 n a 
1 1U.4 


Pini pm> 1 1 1 (u ■ 

czu — c i y — h i yc 


1 1 n a 
1 1U.4 


c\a pmi 1 1 1 nn 

<j4 — c i y — h i yh> 


1 1 n a 
1 1U.4 


Pini pmi 1 1 1 (in 

czu — c i y — h i yij 


1 1 n a 
1 1U.4 


1 1 1 1\{ ' pin' 1 1 1 nn 

Hiyc — ciy — Hiyu 


1 no z 
lUo.O 


pi q' clo' H?nr> 


1 HQ S 

1 U7.J 


C19' — C20' — H20E 


109.5 


H20D — C20' — H20E 


109.5 


Cl 9' — C20' — H20F 


109.5 


H20D — C20' — H20F 


109.5 


H20E — C20' — H20F 


109.5 


p~> p 1 \T1 ci 

CZ — CI — JN 1 — M 


n n /i\ 

9.9 (2) 


/ • /; p i xti ci 

Co — CI — JN 1 — M 


1 *7n zc / 1 1 \ 
— 1 /U.OJ (11) 


pin r\A D 1 p,c 

Ciy — U4 — rl — Uj 


IZ 0 f"7~\ 

Zo.o ( /) 


P1QI r\A T>1 PC 

Ciy — U4 — r 1 — Uj 


A 1 

-4.2 (5) 


p i n r\A di ( \i 
C 1 y — <J4 — r 1 — <J3 


1 nn o / "71 

— luu.y (j) 


pm' p A T)1 A1 

Ciy — U4 — r 1 — Uj 


1 "5"> A /CI 

— 13z.U (5) 


pm pi A T)1 P1C 

ciy — U4 — hi — ci j 


1 C/1 1 £-71 

154.1 (/) 


nni r\A n i pi c 

ciy — <J4 — hi — ci j 


1 ->T A /CI 

123.U (5) 


pn pq t> 1 /~\c 
CI / — <J3 — hi — Uj 


in /; /i i 
— 4U.0 (3) 


pni pq r> i pj c 

Cl / — U3 — hi — Uj 


TOO ( £\ 

30.0 (0) 


pn pq t>i p /i 
CI / — U3 — hi — U4 


0-7 1 /"31 
0/.1 (3) 


phi pq n i p/1 
CI / — U3 — hi — U4 


1 /:/; c /c\ 
100.5 (5) 


p 1 -7 PQ T»1 PK 

CI / — <J3 — hi — CI J 


1 £LA C /->! 

-104.5 (2) 


Z" 1 1 *7' D 1 PK 

CI / — <J3 — hi — CI J 


OC 1 i£L\ 

-05.1 (0) 


p o pk n i pc 
Co — C 1 J — h 1 — Uj 


1/;-) AC i ~\ A\ 

loz.95 (14) 


PQ /'I C T>1 P/1 

Co — C 1 j — h 1 — <J4 


1C A1 /I £1 

33.U1 (loj 


p o p i c n i r\i 
Co — C 1 D — h 1 — U3 


-/2.2o (lo) 


p o XT 1 C 1 1 ~i 1 

C8 — N 1 — SI — Ol 


1/1A/11 /1/1\ 

149.41 (14) 


CI— Nl— SI— Ol 


-42.48 (14) 


C8— Nl— SI— 02 


19.85 (16) 


CI— Nl— SI— 02 


-172.04 (12) 


C8— Nl— SI— C9 


-95.50 (15) 


CI— Nl— SI— C9 


72.62 (14) 
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CI 1 — C12 — CI 3 — C14 


-0.2 (3) 


pin pn c 1 p. 1 

c i u — cy — a i — U i 




1 CO Q A ( 1 T\ 

— 1jo.o4 (12) 


n i pi/i pn 

ci2 — ci3 — ci4 — cy 


1.2 (3) 


pn pn c 1 ni 

c 1 4 — cy — b i — u i 




ly.Ul (ID) 


c i u — cy — C 1 4 — C 1 3 


1 O ZO\ 

-1.2 (2) 


pin pn c 1 p.t 
C 1 U — Cy — b 1 — U2 




— zd.Zo (Id) 


M — Cy — C14 — CI j 


1 "7Q QQ ( 1 1\ 

—i /o.yy (13) 


p 1 A pn o 1 

c 1 4 — cy — s i — \j i 




IjZ.j / (lo) 


n po n c T>1 
C / — Co — C 1 J — r 1 


QQ 1 f)\ 

oo.i (Z) 


pin pn ci mi 

c i u — cy — S 1 — JN 1 




as. /y (14) 


Ml p o pi r r>1 

JN 1 — Co — CI J — r 1 


QC 1^ ^1 Q\ 
— (18) 


pi/1 pn ci mi 
c 1 4 — cy — o 1 — JN 1 




— yj.jo (14) 


Co — C / — C 1 0 — JN L 


lo/ [p) 


P171 pi pit pie 
CI / — U3 — CI / — Clo 




3.9 (6) 


Co — C / — C 1 0 — JN L 


-13 (5) 


ni p,i pi -7 p| 0 

r 1 — U3 — C 1 / — C 1 0 




IZZ.o (4 ) 


C7— C8— Nl— CI 


0.74(17) 


CI 7— 03— C1T— CI 8' 




-25.5 (9) 


C15— C8— Nl— CI 


175.38 (14) 


PI— 03— CI T— CI 8' 




-139.8(9) 


C7— C8— Nl— SI 


170.20 (12) 


C19'— 04— C19— C20 




-65 (2) 


CI 5— C8— Nl— SI 


-15.2 (2) 


PI — 04 — C 1 9 — C20 




-155.4(10) 


C2— CI— Nl— C8 


-179.97 (17) 


C19— 04— C19'— C20' 




58(2) 


C6— CI— Nl— C8 


-0.51 (17) 


PI — 04 — CI 9' — C20' 




166.2 (9) 


Hydrogen-bond geometry (A, °) 










Cgl is the centroid of the C9/C10/C11/C12/C13/C14 ring and Cg2 is the centroid of the C1/C2/C3/C4/C5/C6 


D—H-A 


D — H 


R-A 


D-A 


D — H- 


CIO— H10-O5' 


0.93 


2.35 


3.229 (3) 


157 


C5— H5-Cgl'' 


0.93 


2.63 


3.501 (3) 


157 


CI 8— H18A-Cg2 m 


0.96 


2.99 


3.874 (8) 


154 


Symmetry codes: (i) -x+\, -y+\, - 


z+1; (ii) -x+1, -y, -z+2; (iii) 


-x+1, -y, -z+1. 







sup-8 



supplementary materials 




sup-9 



supplementary materials 




sup-10 



